Background: Even though left atrial (LA) size and function are intimately related to left ventricular (LV) diastolic dysfunction, the role of LA with regard to LV systolic function is less clear. Consequently, we examined the potential association that might exist between measures of longitudinal LV systolic shortening and LA dilation using LA volume index (LAVI).
Introduction
The left atrium (LA) not only modulates left ventricular (LV) filling but also cardiovascular performance [1] . Emerging data have clearly depicted the overall contribution of LA performance in predicting adverse cardiovascular events in patients with atrial fibrillation, cardiomyopathy, ischemic heart disease, valvulopathy as well as the general population [2] . Of particular relevance to our study is the considerable evidence supporting the role that an increased LA volume index (LAVI) has in predicting the development of new heart failure irrespective of left ventricular (LV) systolic function [3, 4] .
Furthermore, not only LA dimension is a recognized predictor of mortality and heart failure hospitalization after adjusting for LV ejection fraction (LVEF) and New York Heart Association functional class in the SOLVD (Studies of Left Ventricular Dysfunction) trials [5] , but also LA area was a powerful predictor of death or hospitalization for heart failure independent of age, New York Heart Association functional class, LVEF, and restrictive filling pattern in the MeRGE (Meta-Analysis Research Group in Echocardiography) metaanalysis [6] .
However, the LA cannot be in isolation as it shares the mitral annulus (MA) with the LV [7, 8] . This atrio-ventricular interdependence though more closely coupled on the right than on the left side, is likely dependent on longitudinal basal to apical motion [8] . With regard to LV longitudinal shortening, both mitral annular plane systolic excursion (MAPSE) and peak global longitudinal strain (PGLS) are well-validated surrogate measures of LV systolic function [9] [10] [11] [12] [13] . In terms of the LV, the association between MAPSE and LVEF is valid only in patients with either normal or dilated LV [14, 15] as MAPSE loses its value when assessing LVEF in patients with LVH since longitudinal shortening is compromised in these patients [16] . Finally, longitudinal shortening is reduced as result of LV hypertrophy (LVH) [17] [18] [19] [20] [21] , despite normal LVEF [20] [21] [22] [23] [24] .
However, none of these measures of longitudinal shortening have been examined with regard to the LA. Consequently, we decided to assess the potential impact that LAVI might have on both MAPSE and PGLS measured by automated functional imaging (AFI). To eliminate additional confounders, only patients with normal LVEF and in normal sinus rhythm were Systolic Left Atrio-Ventricular Coupling Cardiol Res. 2018;9(1):1-6 studied.
Methods
For this retrospective study, our University Hospital Medical Center, Cincinnati, OH echocardiography database was queried for complete studies that included complete LV AFI acquisition, good endocardial LA and LV border resolution from the parasternal long axis, two-and four-chamber apical views. In addition to the already mentioned study inclusion criteria, studies were excluded if any wall motion abnormalities were present; patients had history of previous cardiac surgery; presence of a wide QRS or conduction block; more than mild valvular regurgitation or stenosis; any ectopy; arrhythmias or heart rate greater than 100 beats per minute. The University of Cincinnati Institutional Review Board (IRB #12061302) approved the study. Two-dimensional echocardiographic studies were performed using commercially available systems (Vivid 7 and 9, GE Medical Systems, Milwaukee, WI, USA). Images were obtained in left lateral decubitus position with the patient in the supine position using a 3.5-MHz transducer. Standard two-dimensional, color, pulsed, and continuous-wave Doppler data were digitally acquired in gently held end-expiration, and saved in regular cine loop format for subsequent offline analysis (EchoPAC version 111.0.00; GE-Vingmed Ultrasound AS).
For the purpose of this study, LV end-systolic and end-diastolic volumes were measured as recommended by the American Society of Echocardiography to determine LVEF using the Simpson's method [25] . In addition, surrogate measures of LV systolic function such as MAPSE as well as its systolic velocity of the lateral portion of the mitral annulus were acquired as previously described [7, 8, 12, 25, 26] . LA volumes were calculated using the biplane area-length formula while LV mass was determined using M-mode echocardiography, as previously described [25] . Both LA volumes and LV mass were corrected for body surface area (BSA) [25] .
Finally, peak systolic strain was measured using GE (General Electric, Medical Systems, Milwaukee, WI, USA) AFI software to analyze speckle-tracking motion of ventricular segments. Specifically, the three-click method has been found useful in minimizing variability as previously reported [23, 27, 28] . In doing so, endocardial borders are automatically tracked throughout the cardiac cycle once a reliable endocardial tracing over 1 frame has been manually drawn. Ultrasound speckles in the image are tracked and two-dimensional strain is obtained by comparing the displacement of the speckles in relation to one another along the endocardial contour throughout the cardiac cycle. The reported PGLS represents the average of individual peak strain measurements from the parasternal long axis, two-and four-apical chamber views.
All continuous data are presented as mean ± SD. Categorical data are presented as frequencies or percentages. Correlations between measurements were performed using Pearson's correlation. Multivariate logistic regression analysis was performed to detect the best identifying measured variables. Pvalues of < 0.05 were considered to be statistically significant. All analyses were performed using SPSS version 17.0 for Windows (SPSS, Inc., Chicago, IL).
Results
The studied population included data from 75 patients (mean age 53 ± 14; range 24 -89 years, with a mean BSA 2.0 ± 0.3).
The most common clinical entities for which our patients were studied with echocardiography are depicted in Table 1 .
In terms of the studied echocardiographic variables, the following are mean and range values for LAVI 28 ± 12 mL/m 2 We first conducted a stepwise multiple regression analysis to determine which of the collected variables from this study population correlated with MAPSE and found that PGLS was the best independent variable followed by MA TDI S', BSA and LAVI in that order as seen in Table 2 .
We then conducted a different stepwise multiple regression and this time examined which of these variables correlated best with PGLS. In this analysis, we found that LVMI was the best independent variable followed by MAPSE, and age in that order as seen in Table 3 .
Finally, we conducted a different stepwise multiple regression and this time examined which of these variables correlated best with LAVI. In this analysis we found that LVMI was the best independent variable followed by MAPSE, and age in that order as seen in Table 4 .
Intraobserver as well as interobserver PGLS reproducibility for our laboratory measurements have been previously reported [24] .
Discussion
Though LA size and function have been recognized as critical components in mediating LV diastolic function; the potential role of the LA in terms of LV systolic function is less clear. The findings of our study seem to suggest that LAVI does not affect LV systolic function given the lack of a correlation between LAVI and PGLS and MA TDI S'. However, we still need to explain the observed results with regard to LAVI and MAPSE.
It is well established anatomically speaking the LV is comprised of three continuous layers of muscle bundles [29] [30] [31] . Furthermore, helical arrangement of these muscle fibers that are anchored at a relatively stationary apex is required for effective systolic ejection of the LV due to contribution of longitudinal as well as circumferential shortening of these fibers [32] [33] [34] . Even though the LA has not been included in this mechanical paradigm, not only the continuity of this chamber to the LV, but also sharing the MA makes the anatomical location 
of the LA critical to examine its potential role in LV systolic function. From a mechanistic point of view, it makes perfect sense to examine the potential role of the LA with regard to the LV based on the conceptual approximation of the heart as a cylinder when examining longitudinal measures of LV systolic function such as GPLS, MAPSE and MA TDI S' since this in patients with an increased LV mass index [35] . In this physiologic construct, the external LV radius is fixed with a time-varying internal radius and height as the MA moves from base to apex and vice versa [35] ; therefore, in this model, the LA should contribute in some fashion to this longitudinal LV shortening. However, our results disprove this association. Even though there is a close interrelationship between LA and LV to maintain optimal cardiac performance; the LA appears simply to modulate LV filling through its reservoir, conduit, and booster pump function [36] . Furthermore, LV function also influences LA function throughout the cardiac cycle [36] . An increased LVMI will certainly increase LV filling pressure and consequently worsen LV diastolic function. At this point, the limits of LA preload reserve are reached and the LA would simply function as a conduit [36] . Therefore, the overall impact of LAVI on left atrioventricular plane displacement or LV shortening should be negligible as the main contributor of this LV basal to apex motion is myocardial fiber contractility that appears to be only mediated by LV geometry and LV hypertrophy [14] [15] [16] . Consequently, as seen by our results, there should not be any correlation between LAVI and longitudinal measures of LV shortening. Though LAVI did not correlate with MA TDI S' and PGLS, it correlated with MAPSE. We speculate that this association (Table 4) is strictly based on anatomical basis between LA and LV through the MA. As expected, overall extent of MA motion would be ultimately dictated by predominant LB muscle fibers, degree of LV mass that will limit magnitude of shortening and pressure differences between both chambers rather than LA size.
However, the following limitations need to be acknowledged. First, the retrospective nature of the study. Second, the small size and heterogeneity of our sample. However, the main goal of this study was to assess the potential impact that LAVI might have on both MAPSE and PGLS. Second, patients with cardiac rhythms besides normal sinus rhythm were not included. However, the presence of other rhythms besides normal sinus rhythm would have affected interpretation of LV longitudinal shortening and interfere with assessment of LAVI. Third, our patient population had no invasive hemodynamic data; hence, some potentially valuable information that could have improved our correlations was not included. However, the purpose was to assess impact of LAVI on LV shortening measured by echocardiography. Fourth, speckle tracking imaging data were not included. Certainly all three LA function parameters would have been useful when analyzing LV shortening. In fact, the potential role of LA dysfunction in the pathophysiology of LV diastolic dysfunction is an old concept [37] . In this scenario, normal subjects and asymptomatic hypertensive patients both are able to increase their late diastolic MA velocities during exercise while patients with heart failure and preserved ejection fraction are unable to benefit from this mechanism [37] . Finally, only patients with a normal LVEF based on Simpson's were included. Therefore, we are unable to make any comments regarding any of the observed associations with different degrees of LV systolic dysfunction.
Conclusion
Even though LA size and function have been recognized as important variables mediating LV diastolic function, our results tend to suggest that LAVI does not directly affect LV systolic function and longitudinal measures of LV shortening are mainly mediated by LV mass. Additional studies are now required to determine how different degrees of LV dilatation and systolic dysfunction affect the observed associations shown in this analysis.
